Abstract-The present paper describes a study of small signal performance of synchronous machines connected to a large power system network through transmission line under steadystate operation by considering influence of saturation with cross-magnetizing phenomenon between d-and q-axis circuits. In the method, mutual reactance 
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I. INTRODUCTION
CCURAT E determination of circuit constants is necessary to predict steady-state and transient characteristics of synchronous generators. Generally, as a method to describe characteristics of synchronous generators, the reactances defined on the dq coordinate system have been used. But as power density of synchronous machines is steadily increased, the variation of synchronous reactances by magnetic saturation becomes large. Therefore, accurate determination of saturated d-and q-axis synchronous reactances has been studied extensively.
Due to the nonlinearity introduced by the saturation permeability pattern around d-axis is nonsymmetrical so results dissymmetric in flux linkages, d-axis flux produced q-axis flux linkages and vise-versa. This effect is secondary in nature so The synchronous machine with damper bar under saturation condition, consider the cross magnetizing effect and various factor associated with machine on system stability. In addition to the state space representation and model analysis, block diagram representation and torque angle relationship to analyze the system stability. [6] .
There are many reports about the saturation of reactance, and many calculating methods have been presented. Use of unsaturated and saturated reactances is widely applied to current electric design and power system simulation, though the distinction between unsaturated and saturated values is a classical expression of reactance variation affected by magnetic saturation [1] . Although the state space model is provided with an equivalent circuit and magnetic saturation [4] , the cross-coupling phenomenon is not considered. Reactance calculation methods have been proposed using numerical magnetic field analysis which considers changes of such reactances more precisely [2] - [6] . Those methods are based on a conventional expression of d-and q-axis equations that do not consider magnetic coupling between d-and q-axis circuits. However, this magnetic coupling has been shown experimentally, and a calculation of synchronous reactances that considered the coupling has also been presented [7] [8] . It was pointed out that coupling between d-and q-axis circuits cannot be ignored when magnetic saturation becomes large.
The magnetizing path saturation is represented -either a nonlinear element or by adjusting the magnetic branch inductance [10] . In this paper, the cross-coupling due to the saturation does not consider.
In this paper, the steady state analysis of synchronous machine considering the cross -magnetization effect under saturation and some calculation examples are shown. Furthermore, synchronous reactances calculated according to a conventional definition are compared with the equivalent synchronous reactances that considered the mutual reactance between d-and q-axis circuits for various load conditions. It is seen that equivalent synchronous reactances are smaller than conventional synchronous reactances with higher load because mutual reactance between d-and q-axis circuits becomes large. [1] , the conventional equation for the machine voltage and flux linkages in dq -axis is modified, the equivalent equation is given.
II. STEADY-STATE REACTANCE ANALYSIS
A. dq Axis Equations Considering Magnetic Saturation
The proposed method calculates field current deviation and introduced steady state reactance under a load by using the dq axis equations of a synchronous machine. In this section, the d-q axis equations are shown. Equations leading to them are shown as per unit system. Generally, time variations of reactance, looked at with an armature coordinate system, depend on both saliency and magnetic saturation. Considering only saliency, values of self and mutual reactance are largest on the d-axis, and are smallest on the q-axis. At the presence of the saturation considering cross-magnetization phenomenon the equation given in [1] , based on [3] , is get modified as
Here the value of the f i field current, 1d i d-axis damper winding current is [3] .
Thus equation yields;
Where ad  and aq  are the magnetizing flux linkages in daxis and q-axis respectively.
Here, adequ 
q-Axis voltage expressed as
On the other hand, the un-symmetry in permeability distribution of a synchronous machine, which is influenced by magnetic flux distribution. Considering permeability distribution of stator and rotor cores by magnetic saturation at on-load operation, values of self and mutual reactances are not largest on d-axis, and are not smallest on q-axis. Accordingly, expressions of flux linkages that consider magnetic saturation can be get modified and expressed as follows
Substituting the equation (3) - (2) in (6) yield 
Active power is expressed as 
C. Network equation
The machine, as network equations, can be expressed in terms of one reference frame of the machine because there is only one machine. So the machine and infinite bus terminal voltage can be resolved in terms of d and q axis components are. 
; ; ;
; ;
Here, Td X , Tq X is the total reactance, of machine with infinity bus in d-axis and q-axis respectively, s R is the armature resistance of machine and T R total resistant of system. unit. Now the equation (13) and (14) is written in linearization for state space model.
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The expression for
Substituting from the above equations
From the above equation
The expression for the electromagnetic torque developed by air gap by equation (12) is further solving for linearization as;
Substituting the value from equation (3), (18) 
From the speed-motion equation
The value of e T  from equation (23) 
Similarly do for all state space equation [3]   
The state matrix is:
D. Equation Expressed by Equivalent Synchronous Reactance
Equivalent synchronous reactances are transformed equation into the form of equation (1), (2) so that it expressed at the time of saturation considering cross-magnetizing phenomenon. 
C. Discussion
By considering cross -magnetization effect under saturation condition, the change in speed, rotor angle deviation and change in field flux linkage of a synchronous machine, due to this magnitude is increased slightly. And the time of oscillation is reduced. Change in the flux linkage of d-axis damper bar remains same in both cases i.e. saturation and saturation with crossmagnetization effect.
IV. CONCLUSION
The work presents an integrated perspective on synchronous machine modeling, considering the cross-magnetization effect under the saturation condition that gives the actual representation of machine. The model retains the computational efficiency of the single machine to infinite bus system under saturation and dq -axis theoretical framework. This model gives the state space representation. And suitable for small and large signal time domain simulation for the power system. 
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